The DAV stars have resisted asteroseismological analysis for two major reasons: the small amplitude pulsators typically exhibit too few modes to define a uniquely identifiable pattern, and the large amplitude pulsators have power spectra which change radically on many timescales. By examining the pulsation properties of the DAVs as a group rather than as individuals, we have overcome these difficulties and can now begin to use the pulsations to measure DAV structural properties.
Introduction
Quite often, examining the ensemble properties of objects provides insight into their character which cannot be gained by studying them as individuals. With this in mind, we have undertaken a study of the pulsation properties of DAV stars considered as a group. Apart from the philosophical arguments for employing a broad approach, we have also derived motivation from the painfully slow progress of attempts to understand the pulsation spectra of individual objects -a pace due only in part to the observational problems associated with resolving the power spectra of multi-mode pulsators. The remaining difficulties originate in two qualities of DAV stars which conspire to make them inscrutable: the variables with stable light curves do not exhibit enough pulsation modes to allow unambiguous mode identification; and the stars with numerous modes are all unstable in character, changing their pulsation spectra on timescales of days, weeks, months and years. Because of this dilemma, we cannot use the techniques applied with success to individual DOV and DBV stars. As a result there is currently no single secure identification of k, I or m for any mode in any of the DAV stars. As we shall show, just as the stars have provided this dilemma, they have also provided a way around it.
It is an opportune time to conduct a class pulsation study of the DAV stars. It has been more than 15 years since McGraw (1977) demonstrated that the DAVs constitute a well-defined class of intrinsic pulsators. From their temperatures, he suggested that the pulsations are driven by the partial ionization of hydrogen. Winget (1981) , and Dolez & Vauclair (1981) calculated detailed pulsation models which supported this notion and exhibited other properties consistent with those of the DAV stars. For example, the models showed a correlation between pulsation amplitude and period like that observed in the DAV stars: long period pulsators have larger amplitude than short period ones (see Robinson 1979; McGraw 1980; .
Subsequent theoretical efforts have explored the pulsation properties of model DAV stars with a broad range of structural properties, while observational investigations have attempted to measure the basic pulsation properties of individual stars, usually with the intent of reliably identifying the quantum numbers of discrete pulsation modes, thereby permitting comparison to the theoretical results. There has been no comprehensive observational investigation of the class pulsation properties of the DAVs in over a decade. In that time, the number of known DAV stars has increased while the WET has removed some of the observational limitations which affected previous studies.
We have observed six DAVs (one-fourth of the known class) using the Whole Earth Telescope. To make this investigation complete, we have supplemented the WET data from these stars with the best published results for the remaining DAVs. We realize that some of the WET objects are still under active analysis and do not intend for this study to detract in any way from those efforts. On the contrary, we hope that placing these stars beside others of their kind will assist ongoing efforts to understand their individual properties.
Theoretical background
The first bulk property of DAVs we will consider is the correlation between amplitude and period. Before we do this, we must digress into some theoretical background concerning DAV pulsations. Winget (1981) describes a model for the self-excitation of pulsations in DA stars via the cyclical ionization of hydrogen. Since this is an observational study we are not concerned with the details of why driving occurs; we are satisfied that it does because we observe pulsations. We are interested in the anticipated effects of driving on the star. In particular, we would like to know the expected driving timescale.
To answer this question theoretically, we appeal to a physical argument Cox (1980) applied to p-mode pulsations and Winget (1981) extended to the mo des expected in white dwarfs. The argument states that the period of driving by a partial ionization zone is set by the thermal timescale at its base, where the maximum driving occurs. Expressed mathematically:
where II is the driving period, r t h is the thermal timescale, C v is heat capacity, M p .¡. is the mass above the base of the partial ionization zone, T is temperature and L is the total stellar luminosity.
Put another way, the layers above the driving region must leak away their energy as stellar radiation in the amount of time spanned by a single driving cycle. If the overlying stellar layers cannot leak out their energy in the span of one cycle, they will work against the driving during its contraction phase, when the driving region must release heat. If the overlying stellar layers leak out their energy too fast, then the energy flows straight through the star without doing any mechanical work.
What effect does driving under these conditions have on the star? As a resonant cavity, albeit a spherical one, the star cannot respond effectively to every driving timescale. If the driving resonates with an available mechanical oscillation mode of the star, then that mode may grow to large enough amplitude to have observable consequences. Thus we expect the observed periods of a variable to be closely, but not precisely, connected to the driving period. The degree to which they match depends upon how far a mode may lie from exact resonance with the driving and still grow to observable amplitude.
Now we consider what the driving condition implies for an evolving DAV. The primary change associated with evolution of a DA star is cooling. As a white dwarf cools, the falling temperature causes the base of the partial ionization zone to move deeper in the star, increasing Mp.i.. The result is an increase in Tth and hence the timescale for driving. Furthermore, the increase in mass of the partial ionization zone increases the energy available for driving. Thus we may expect that as a DAV cools, the modes which are able to respond visibly to driving will be successively longer in period and larger in amplitude. Note that the switch to modes of longer period is not the same as changes in individual mechanical oscillation modes of the star, which also occur with cooling. Also, the expected increase in amplitude at lower temperatures will only continue if modes are not limited in amplitude by some other mechanism. Fig. 1 shows a plot taken from Winget (1981) of the H partial ionization zone in a model star and illustrates how its depth changes with temperature. The shaded area represents the partial ionization zone. The X axis on the left shows q, the fractional mass of the partial ionization zone; the axis on the right indicates the thermal timescale at its base. The different lines for ML1 and ML2 represent different treatments of convective efficiency. We can see that at higher temperatures the partial ionization zone is less massive and the thermal timescale at its base is shorter. Plot of the mass of the partial ionization zone in a model star (logg) vs. temperature (logTe). The thermal timescale at the base of the partial ionization zone is also shown. This figure is reproduced from Winget (1981) .
If the model we have described is correct, a DAV will first pulsate with non-radial ^-modes when it cools sufficiently that the driving timescale is long enough to be close to the period of the first <7-mode which can respond; the first «/-mode excited will be that with the shortest period. For a given spherical harmonic index, £, the shortest period mode is the one with the fewest radial nodes in its eigenfunction, i.e., lowest k. Among the k = 1 modes, those with higher £ modes have shorter periods. Therefore, we expect the hottest white dwarfs with (/-mode pulsations to exhibit modes of high i. The observed amplitudes of high i modes should be smaller than lower i modes with the same total power for two reasons: the large number of regions on the surface of a high i pulsator cancel each other out in the integrated luminosity (geometric cancellation, see Dziembowski 1977), and the horizontal energy leakage between small, adjacent regions of different temperature reduces the size of the temperature, and, therefore, luminosity variations.
Just as we expect the hottest pulsators to exhibit modes of high £, low k, at successively lower temperatures we should see successively higher k until the k = 1 mode for the next series of I modes is excited. As we move from hot to cold, the total observed pulsation power should increase smoothly as the mass in the partial ionization zone increases, except when a new I series is first excited. Here, the observed power should jump upward sharply because the lower t modes will not suffer as much amplitude reduction from geometric cancellation effects. This is an observational effect, not a true jump in the energy of the pulsations.
The trends toward longer period and greater power will continue until the advance of the partial ionization to deeper layers is halted, perhaps by the top of the underlying hélium layer, or the pulsation modes grow so large that their amplitudes are limited by other effects. tested this theory against the observations of McGraw and others which were available at the time. They found that the essential trends expected by the theory existed in the observations: the pulsators with short periods in their light curves have lower amplitudes and higher temperatures. In this section we refine and expand their test of the basic theory summarized above.
Observed temperature trends for the DAVs
First, we must establish a method for quantifying the "period" of a pulsator. While many show only a handful of modes, very few pulsators show just one. Therefore, we must combine the modes present in an appropriately physical manner to yield a meaningful measure of the underlying driving period. We have decided to use an average of the periods of the modes present in a star with each mode weighted as its power. The rationale for this approach is that modes far from resonance with the driving should display lower amplitudes than those in close resonance. Using a weighted mean insures that these smaller modes contribute less to the value we calculate, resulting in a better estimate of the true driving period.
This approach ignores the possibility that some modes might have lower kinetic energies than others and hence be easier to excite to large amplitude, but since we have no way to measure or account for this effect a priori we have no choice. In the end, the tightness of any correlations we find will give us an upper limit on the importance of variations in kinetic energy *.
In computing the weighted mean period (hereafter WMP) for the DAVs we had also to decide how to handle harmonics and power occurring at frequencies which are sums or differences of dominant peaks (combination frequencies). There is mounting evidence that these do not represent resonant modes, but are the result of pulse shape distortions, the product of pulsations propagating in a medium (the stellar atmosphere) which does not respond linearly Brickhill 1992; Winget et al. 1993) . If this is correct, they reflect nothing about the underlying driving timescale. We have, therefore, chosen not to include them in the WMP. For every star but one (G 207-9) this decision is of little consequence, since the total power in the combination frequencies is a small fraction of the star's total power.
For the total power present in each star, we use the sum of the total power (amplitude squared) in the modes included in the calculation of the WMP. We have not attempted to account for apparent variations in power due to the inclination of pulsation axes to our line of sight, in large part because we do not know the inclination of any DAV star **. Some stars, especially the large amplitude pulsators, vary dramatically in total power from one observation to another. In these cases we have used the maximum power observed. We reason that the stars must have at least enough energy available for pulsations to explain this amount of power, even if something prevents them from sustaining maximum power at all times.
* Unless, of course it is the dominant effect. From kinetic energies in pulsation models we doubt this is the case, but that's a model dependent statement, so we flag it as such. ** Because the observed amplitude of m = ±1 modes change with inclination in a way which is anticorrelated with that for m = 0 modes, a white dwarf with all possible m modes present at similar amplitudes will have roughly the same observed pulsation power at any inclination. Kepler & Nelan (1992) . We see immediately that the relationship expected appears in this sample: the hotter stars have shorter periods. To see how well the observations fit the theoretical model, we have plotted our data on top of Fig. 1 (see Fig. 3 ). Remarkably, the observations match the theory, and they indicate that convection in the stars is at least as efficient as the ML2 prescription in the model.
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We have also plotted power vs. WMP to see if it exhibits the relationship predicted by theory. We know that the logarithm of the thermal timescale reflected in the WMP varies linearly with the logarithm of the mass of the partial ionization zone. If, as theory suggests, the pulsation power in a star is connected to the mass of the partial ionization zone responsible for the driving, then the logarithm of the power should also vary systematically with log WMP. Fig. 4 shows that it does. The relationship is essentially linear, reflecting the theoretical linear relationship between logM p .i. and logr t h. We do not see jumps which might be associated with changes in i value. We also do not see a large dispersion about the linear trend, suggesting that other factors affecting total observed power, such as inclination or varying mode kinetic energies, are small compared to the dominant effect: the changing partial ionization zone mass *.
Finally, the manner in which the total pulsation power increases with increasing H partial ionization zone mass answers a long-standing question concerning the DAVs: the nature of the pulsation amplitude limiting mechanism. Consider the two possible ways for the total power to increase. The first is by the excitation of a larger number of modes with the same amplitudes as those previously present. This is what we would expect if some factor other than the total energy available for pulsation clamps individual mode amplitudes. Once the modes present reach an amplitude "ceiling", any continued increase in power must go into new modes. The second way to increase total power is for the number of modes to remain constant, but for their amplitudes to increase.
In Fig. 5 , we have plotted the power in the single largest amplitude mode of each pulsator against the WMP. We see the same trend as in Fig. 4 . In the next section we will see the corollary to this trend; the total number of modes per star is roughly constant, at least for the hotter DAVs. From these observations, we conclude that the pulsation mode amplitudes in the DAV stars are limited by saturation of the driving mechanism, i.e., the excited modes simply use up all the energy available for driving. The coolest, largest amplitude pulsators are possible exceptions to this conclusion, as is the star G 185-32. The former begin to exhibit greater number of observable modes (this may be a selection effect) and may fall below the linear trend between WMP and total power established by the * If the pulsation modes within all DAVs have the same m value and pulsation axes are distributed randomly, we should see a wedge rather than a line in Fig. 4 , the region beneath the curve being populated with stars whose pulsation axis inclination does not favour the m of the modes present. The absence of numerous low points tells us that rotation has raised the degeneracy of the m modes in most white dwarfs. In other words: most white dwarfs rotate. Not really a surprise. 
Detailed comparison of spectra
We have shown that two gross quantities associated with DAV pulsation, mean period and total pulsation power, vary with temperature in the ways expected from simple theoretical considerations. We have also used the behaviour of the largest pulsation mode in each star to answer one of the outstanding questions concerning the DAVs, the nature of the mechanism which limits pulsation amplitude. Now we will consider some of the finer details of DAV pulsations.
* G 185-32 is peculiar in many ways. It has more modes than most cool DAVs and many combination frequencies. This star may have an unusually large magnetic field limiting the growth of its modes. We recommend that it be examined spectroscopically for evidence of magnetism.
We begin with a comparison of the power spectra of the DAVs. At its outset we did not expect this exercise to reveal anything particularly important, or even relevant. Our lack of expectations was unfounded. The simple exercise which follows resolves the dilemma which has impeded attempts to identify modes in the DAV stars. It also reminds us never to underestimate the value of exploration, even when we are too ignorant to identify specific goals.
In Fig. 6 we present schematic amplitude spectra of the hot DAV stars. We have plotted the period of each mode rather than its frequency, since the former is more relevant for comparison to <7-mode pulsation models. We plot amplitude rather than power because it has a smaller dynamic range, making it easier to display. The stars are arranged in order of WMP, which we have already shown to reflect temperature (Fig. 2) . The sequence in Fig. 6 runs from hot (G 226-29) to cold (GD 99), and serves to rank order the stars by "pulsation temperature". We predict that WMP will be an extremely accurate indicator for DAV temperatures once it is adequately calibrated.
We see, in Fig. 6 , the trend to larger amplitude with increasing period explored in the previous section. We also see something else. In the bottom panel there is a composite spectrum which includes all the stars. The peaks fall into broad groups with gaps between. With only two exceptions, no star has more than one mode in any group*, indicating a quantization of pulsation power which does not vary from star to star. We have placed dotted lines at the average period of each group. The groups at 205 and 264 s are especially popular; 7 of the 11 stars represented have modes in these groups, though not the same 7 for each. As we might expect, the hotter stars prefer the shorter period group. The two stars without peaks in either group, G 226-29 and GD 99, are probably too hot and too cold, respectively, to excite modes with appropriate periods.
More remarkable even than the groupings in period, are the similarities in period spacings. Compare L 19-2 to G 185-32, or G 207-9 and GD 66 to G 117-B15A. It appears that out of the universe of possible modes to choose, every star has chosen modes with roughly the same spacing between them, then placed those modes at nearly the same period. The implications of this single-mindedness * For the purposes of this discussion we consider multiplets closely split in frequency as single modes. are profound. We have long known that white dwarfs are remarkably uniform in certain ways, e.g., in total mass; what we have not recognized is how far this uniformity extends.
Before we interpret the pattern observed in Fig. 6 , we must point out a subtle way in which it is consistent with our expectations of how mechanical oscillation modes respond to changes in the driving timescale. If we think for a moment of the sequence in Fig. 6 as representing a single star, we can imagine the driving timescale sweeping to longer periods as we move down the page. The variation in the total number of modes per star is small (1-5), but the manner in which the number changes is interesting. At the top, G 226-29 has only one mode, perhaps because that mode is in very close resonance with the driving. As cooling progresses, the driving timescale increases to a region between modes, so modes on each side of the driving are excited, as in GD 165 and L 19-2. Eventually the timescale reaches precise resonance with the next available mode and only that mode is excited, as in G 238-53. The process repeats as the star cools toward GD 385 and beyond. If this description is correct, Fig. 6 represents a beautiful example of forced oscillations and will be rich with physical information about the oscillator. The evident similarity of white dwarf properties will allow us to acquire this information without having to wait the 5 x 10 8 years it would take a single star to cool through this sequence.
Interpretation of the period spectra
We will now attempt to understand what the observed similarities in their period spectra tell us about white dwarf structure. The two quantities which most affect the period and period spacing of <7-modes for model DAVs are the total mass and the H layer mass. We already know that DAs have total masses tightly grouped about a mean near 0.56 M® (Bergeron, SafFer &: Liebert 1992) . Fig. 6 tells us that they all have similar H layer masses as well. To find the size of that layer mass, and the range in size allowed by the observations, we must appeal to theoretical models.
First, Daou et al. (1990) have measured gravities, from which we can get masses, for some of the stars in this sample. Then, because we can estimate the effects of mass on the period structure using published model results, we can try to separate the effects of variations in total mass from those of variations in H layer mass. Without calculating models to match the observations precisely, this We do not need to appeal to detailed models to show that differences in the periods of the peaks near 200 s in these stars agree qualitatively with expectations based on their variations in mass. The more massive a star, the shorter in period is the position of its k = 1 (shortest period) mode for a given I. We have not yet identified the k value (we will later) of the 205 s mode, so this relationship alone does not help. But if we also consider that the average spacing between modes of consecutive k is smaller in stars of high mass, we deduce that stars of high mass (but otherwise identical) will have shorter periods, for any given k, than those of low mass *. We also expect that the dispersion in period due to differences in total stellar mass will be larger for large k, because the accumulated differences in period spacing are added to the dispersion in period of the k -1 mode.
In our sample of four stars, the two with higher masses have lower period modes in the 205 s group. Conversely, the two with lower masses have higher periods. This is exactly as we expect, but the compatibility with our expectations does not end there. * This rule can be violated under some circumstances by the effects of mode trapping, which change with total mass, but a look at Bradley's (1993) models shows that for mass differences of 0.1 M©, the amount we will be discussing, the rule always holds.
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As a further quantitative check, we can compare the size of the period difference between the two pairs (21.5 s) to that expected from theoretical models with the observed mass difference (0.1 MQ). From Bradley (1993) the possibilities for a k = 1 mode range from a 28 s difference in period for models with A/H = 10 -5 M* to 10 s for Mn = 10^1 0 M*. Models from show period changes ranging from about 30 s down to 12.5 s for the same 0.1 MQ change in total mass and a similar range of layer masses. Variations in the model periods for different k give differing results depending on the details of mode trapping.
Clearly, all we can say about the 21.5 s shift between the two sets of stars we have measured is that it falls into the range expected from models with the same difference in mass. To do better, we must know the k value of the modes and the H layer mass.
Mode identification
We have repeatedly claimed that the calculation of detailed models could improve interpretation of the period spectra we have presented, but comparing models to observed spectra requires that the i and k of the observed modes be identified. We will now make this identification. The knowledge that the DAVs are apparently all very similar gives us increased leverage in this effort. As we shall see, reasoning applied to individual stars by O'Donoghue & Warner (1982), Fontaine et al. (1992) , Bergeron et al. (1993) and Bradley (1993) takes on greater weight when we allow the results for one star apply to the others. First, we introduce schematic period spectra for the cooler DAVs. If all DAVs are alike, as we suspect from the hot sample, and changes in temperature do not radically affect their structural properties, then the cool stars should show modes in groups .also. We do not expect the groups to be as tight as for the hot stars, since the higher k modes present in these stars are affected more strongly by the recognized variations in total stellar mass. Recall that the average period spacing changes with total mass, and its effect accumulates for modes of higher k. As Fig. 7 shows, this effect is clearly not enough to mask the similarity of the pulsation spectra. The fact that at least some of the groups are no broader in period than those we found for the hot DAVs implies that either this sample of stars has a smaller dispersion in mass or that mode trapping is masking the effects of the mass variation. One interesting way for the latter to occur is if the H layer mass is anticorrelated with total stellar mass. We cannot explore this possibility without detailed numerical models, so we will not speculate further. The data presented in Fig. 7 are completely independent of those presented in the plot for hot DAVs and confirm that the similarities exhibited in the hot stars are maintained throughout the observed DAV instability strip. The plot for the hot DAVs included every known star. Fig. 7 is missing several of the cool stars which do not have published spectra with adequate precision to include in this diagram.
In the following section we will focus on six mode groups from Figs. 6 and 7, those at 122.5 s, 204.6 s, 263.8 s, 299.4 s, 356.4 s and 399.8 s. We have chosen these because up to 400 s we see well populated groups, after that value the spectrum is too sparse to get We begin by considering the possibility that these modes are a sequence of consecutive k, same £, a hypothesis supported by the plot of WMP vs. power (Fig. 4) The next possibility is that the modes have same £, but nonconsecutive values of k. This requires that £ be greater than 1, because the existence of another mode between those we observe would push the mean period spacing below the minimum permitted by models for £ -1. We must then explain why higher £ modes are always excited in preference to £ = 1, when geometric arguments imply the opposite. We must also invent a mechanism to suppress some modes -apparently the same ones in every star.
The only remaining choice is that the modes represent a mix of £ values whose average spacing mimics by chance the spacing appropriate for a sequence of £ = 1 modes. If this is correct, it raises some interesting problems. Of the 28 modes below 500 s in the hot DAs, 11 are closely split (in frequency) multiplets. Among those multiplets we see doublets and triplets, but no convincing group of more than three. Since we expect, in general, that rotation will split modes of a specific £ into 2/+1 components, the absence of multiplets larger than three argues against £ values higher than 1. This is not a completely compelling argument because other effects might mask * This sparseness reflects a total absence of stars with dominant periods near 400 s. We cannot say with certainty why this gap in the period distribution exists but note that little mysteries like this often hide profound insight.
the presence of some members of the multiplets, as must happen to get the observed doublets *.
Another problem with combinations of different £ values is the very existence of the groups we find in the period spectra. If we consider modes of any £, or even of only £ = 1 -3, the region of the spectrum between 100 and 500 s is a very densely populated with modes. From these, every star has chosen to excite a few to observable amplitude. As Fig. 6 showed, every star must have chosen a similar subset from the possible modes. If the modes they chose are all £ = 1, then this is understandable, since we expect their amplitudes to dominate from geometric arguments; if they are a mix of £, then we must invoke some other mechanism which is the same from star to star, but different from £ to £. We might propose mode trapping, but then we must explain why, in all but two cases, each star has only one mode in each group. This is strong circumstantial evidence against a mix of £ values.
These general arguments favour interpreting the six mode groups from 123 to 400 s as a sequence of £ = 1 with consecutive k values, but they do completely force us to that conclusion. We will now appeal to arguments based on frequency splittings in individual stars. Because we believe that each mode group is composed of modes of the same k and £, but from different stars, we will generalize results from each object to all DAVs sharing the same modes. This will force us to an unambiguous mode identification for at least 3 of the six mode groups.
G 226-29
We begin with G 226-29. The only significant power in this star is a triplet of modes at 109.3 s. To demonstrate this, we present the unpublished (Kepler 1993, these proceedings) power spectrum of the WET data in Fig. 8 . We have subtracted three sinusoids from the data corresponding to the three obvious peaks. The period amplitude and phase of the signals we removed were measured from the light curve using a non-linear least squares technique. After removing these three sinusoids, no significant signal remains above the noise.
* Some have attributed the doublets in R548 to magnetic, rather than rotational splitting. We are not convinced. An £ = 1 pulsator oriented so that the pulsation axis points in our direction would also yield doublets. No inclination of the pulsation axis to our line of sight can make an I > 1 mode look like a triplet. If this mode is not I = 1, then we have to invoke an unknown process which selectively obliterates certain values of m. This is not impossible; the amplitudes of m modes in pulsators where the ms are identified (PG 1159-035 and GD 358) exhibit properties we do not understand. But if the triplet in G 226-29 is not I -1, the m selection mechanism must be very effective, since no trace of the "lost" peaks appears in the power spectrum.
As Fontaine et al. (1992) have noted, the simplest explanation is that the multiplet is I = 1. They have devised a test to determine the t value of this mode using multicolour photometry. In the next section we will predict what the outcome of their test will be. For now, the evidence presented by G 226-29 is again circumstantial and will not by itself render a verdict on the t value of modes in the ~ 120 s group.
GD 165
In their analysis of data on GD 165 acquired with the CFHT, the Mt. Bigelow 1.6 m and the WET network, Bergeron et al. (1993) showed that the 120 and 192 s modes were both consistent with triplets having average frequency spacings of 2.64 //Hz and 2.90 /¿Hz, respectively *. From the rough equality of the frequency splittings, they concluded that both modes must have the same I value. They could not identify the value of I unambiguously.
If we generalize from these results, the periods in the groups at 122 s and 205 s must be the same I for every star. With this in mind, we introduce our final witness, L 19-2.
L 19-2
L 19-2 is a rare exception to our earlier observation that each DAV contributes no more than one mode to each group in the composite DA period spectrum. L 19-2 has 3 multiplets which fall, more or less, into the first group near 120 s. Even before we consider the Table 1 alongside the ratios from the observed frequencies of O'Donoghue & Warner (1982) . The match is impressive considering there has been no chance to iterate; we compare the only appropriate published model to the only resolved period spectrum.
6.4• The results
To summarize the evidence presented, the six shortest period mode groups we have found in the DAVs show a period spacing (55.5 s), consistent with that we expect for modes of £ = 1, consecutive k. None of the observed modes in any star consists of more than 3 'closely split frequencies and no star shows modes shorter in period than the first group near 123 s. The mode contributed to that group by G 226-29 is a triplet, consistent with a rotationally split i -1 mode but not demanding that identification. The modes in the two shortest period groups in GD 165 are both triplets with the same frequency splitting, indicating that they are the same £. In L 19-2, we find 3 multiplets with average frequency splitting 11.92 //Hz, and 2 multiplets with average splitting 19.18 //Hz. The ratio of these averages is close to that expected for £ = 1 and 2 modes. The ratios between each mode pair also agree with ratios calculated from a theoretical model, using the only self-consistent k and £ identification. Based on the collective weight of these arguments, we identify the 6 mode groups considered as modes of t = 1, consecutive k. Table  2 lists the average periods of each group and our mode assignments. The I = 1 mode periods are averages and should roughly reflect the location of modes for a star of average mass. We have included two t = 2 periods which are not based on groups, but on a total of three modes from L 19-2 and G 185-32 which must be I = 2 or higher. The periods listed for these modes are dominated by the properties of those two stars and may not accurately reflect mode periods for DAVs of average mass.
Consequences of our mode identification
If we accept the model calculations of both Bradley (1993) and , our identification of the 122.5 s mode group as t = 1 requires that the mass of the hydrogen layer in the DAV white dwarfs be ~ 10 -4 M+. For layers of this thickness the models show I = 1 , k = 1 modes around 120 s. Decreasing the layer thickness in the models to 10~5M* moves this period to ~ 200 s -too long to be consistent with the period of the mode group we have identified as t = 1, k = 1.
Clearly, the mass of the H layer in the DAV stars is close to 10 -4 M*. Precisely how close, we cannot say without more numerical models, but it cannot differ by as much as a factor of ten from that value. This conclusion profoundly affects our understanding of how white dwarfs form and evolve. It is the value expected by many models of white dwarf formation (see Iben 1984; Schonberner 1983; Wood & Faulkner 1986; D'Antona & Mazzitelli 1979) . These models contain a common element: the mass of the hydrogen layer in the DA white dwarfs they form is fixed by nuclear burning at the base of a H shell in the white dwarf progenitor stage.
Our results give strong support to theoretical models which employ nuclear burning to regulate the hydrogen layer mass, both because the value we measure agrees with that predicted by the models and because the apparent uniformity of structure in the DAV stars suggests that nuclear processes fix their H layer masses. In the formation of a white dwarf, nuclear burning will erode the H shell until it is too thin to sustain fusion at its base. For stars of identical mass this leaves identical H layer masses. Other processes which might control the mass of the H layer, such as mass loss from the surface, would probably not yield the same uniformity as nuclear burning.
Finally, if the H layer in DA stars is 10~4M+, then the DAs and DBs must be formed via radically different processes. No theory of white dwarf spectral evolution can allow DAs with so much hydrogen on their surface to become DBs. The DBs must be made via a different fromation process -one which leaves them with little or no hydrogen.
Discussion
We have moved, in the space of a very few pages, from not knowing the k,£ or m assignment for any mode in any DAV to claiming to know almost all of them, at least for the hotter DAVs. We do not expect this to be the last word. The specific nature of our results invites challenge. To help in that regard, we will summarize our findings and recommend tests, both observational and otherwise, of their validity.
We have found that DAV pulsations adhere to trends expected from simple theory; the cooler stars have longer periods and larger pulsation amplitudes. We have used this trend, which is based only on the DAVs with temperatures in Kepler & Nelan (1992) , to establish a rank order for DAV temperatures. That order is shown in Figs. 6 and 7. We need newer and better spectroscopic temperatures to compare to this prediction.
To our surprise, we have found that the pulsation spectra of all the DAVs contain similar modes, a regularity which must reflect an underlying uniformity in structure of the DAV stars. We do not need to wait for the discovery of more DAVs to test the universality of the mode groupings we have found. We were surprised to find no published observations since discovery for some of the DAVs, (e.g., G 238-53 and G 207-9) . Better period spectra may show more modes for comparison to the composite DA spectrum we have constructed. WET data would be best for this purpose.
It may also be possible to find the low k modes in the unstable large-amplitude pulsators. Kleinman (private communication) has found some stable modes at short period in the star G 29-38. These modes have persisted for six observing seasons, in spite of radical changes' in the period spectrum at longer period. Kleinman will compare the modes he has found to the pattern we have found in a later paper. If other large amplitude pulsators show modes with a stability like these in G 29-38, they become the modes of choice for asteroseismological analysis of the large amplitude pulsators.
We have identified the 6 shortest period mode groups in the composite spectrum of DA pulsators as £ = 1, k = 1 -6. We have been led to this identification by many separate pieces of observational evidence and do not doubt its correctness. That does not mean it is unassailable; the splitting L 19-2 could be accidental, the triplet in G 226-29 could be a quintuplet with two of the modes suppressed, and the period spacing matching that for / = 1 could be a coincidence. It would require an act of extraordinary malice on the part of nature for this to be true, but this is not out of the question. Fontaine et al. (1992) have proposed a test to distinguish between pulsations of different £ by measuring photometric colours. They have proposed to conduct this test on G 226-29. We predict their test will show that star to be an £ = 1 pulsator. In fact, the only modes which we have identified with 1 -1 are the 142 s mode in G 185-32 and the 113 s and 143 s modes in L 19-2. We suggest applying the same tests to these modes.
As we shall have seen in the last chapter, the recognition that almost all the observed pulsations are £ -1 agrees with similar results for the DOV and DBV stars; observable £ -2 pulsations are apparently rare in white dwarfs. We do expect that there are stars hotter than G 226-29 whose driving period is too short for ~ 120 s £ = 1 mode to respond. These may have dominant modes which are £ -2. Based on the position of the £ = 1, k = 1 mode, we expect to find the £ -2, k = 1 mode near 70 s *. There should be hot * Fans of DQ Her will recognize this number. For the record, we suspect that DQ Her is an £ -2, A: = 1 pulsating white dwarf. pulsators which exhibit only this mode, but they will be pulsators with very low amplitude, not just because their dominant modes will be higher £, but because the available driving energy is lower at high temperature. An optical search for pulsations among DAs near the blue edge of the pulsation instability strip using a large telescope might find such stars.
Having only 1 = 2 modes is not the only way for a star to hide its pulsations. We point out that the location of £ = l,k = 1 in the DAVs is on average 122 s. This is perilously close to the 120 s drive errors for most telescopes. There may be hot pulsators with one mode near 120 s which were discovered and discarded as a consequence of this accident. Any new pulsators discovered, those with the properties we have described or otherwise, will serve to test the mode groupings we have found.
Finally, we discuss the future of model calculations. It will be important to see if detailed models can reproduce the star-to-star differences in mode locations. We expect a flurry of theoretical activity as the model grid which currently spans 8 orders of magnitude in H layer mass contracts to a small range around 10 -4 M+. We urge theoretical investigation of one particular item of interest. We have noted, as did Winget Sz Fontaine (1982), the absence of stars with dominant periods between 400 and 600 s. We would like to know if this is a trapping effect associated with the He/C interface.
We have tried not to be timid in our predictions, or in suggesting tests of our basic results. We have proposed these tests because the ultimate satisfaction will not come from finding that every conclusion we have reached is correct, but rather from finding that they are productive. The field of DA pulsation studies has stalled for awhile over the issue of mode identification; we hope the results of this investigation will liven it up.
